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ADSORPTION  OF  IMMUNE  ANTIBODIES  ON  PARTICLES  OF  SUSPENSIONS 


Zhumal  Mikrobiologii,  Epldemiologil  i  A.  K.  Adamov  and 

Immunobiologii  V.T.  Berdnikov 

(Journal  of  Microbiology,  Epidemiology 
and  Immunobiology) 

No  12,  1964,  pages  83-89 


The  study  of  patterns  of  adsorption  of  Immune  antibodies  has 
established  that  they  are  adsorbed  by  organic  compounds  containing 
hydroxyl,  quinone,  carboxyl,  aldehyde,  sulfo  and  nitro  groups,  by 
organic  compounds  the  molecules  of  which  include  atoms  of  metals,  and 
also  by  porous  substances  (diatomaceous  earth,  kaolin,  activated  carbon, 
and  others).  The  antibodies  adsorbed  on  suspension  particles  retain 
their  activity  and  specificity.  Suspensions  the  particles  of  which  contain 
adsorbed  antibodies  may  be  used  for  accelerated  detection  and  identifi¬ 
cation  of  pathogenic  bacteria  (Adaraov,  1956-19b2).  Our  findings  on  tbe 
imraunological  activity  of  antibodies  adsorbed  on  solid  substances  were 
confirmed  by  Yafayev  (1962-1963)  in  experiments  with  activated  carbon. 
Alizarin  was  found  to  be  best  suitable  for  immunological  reactions 
(Adamov,  1960-1962). 

In  the  present  article  we  submit  the  results  of  further  investiga¬ 
tion  of  the  distinctions  of  adsorption  of  immune  antibodies  and  of  the 
properties  of  suspensions  of  various  substances.  This  study  was  performed 
using  the  Adamov  method  which  was  published  in  1960  in  Byulleten'  Eksperi- 
mental'noy  blologll  1  medltslny  (Bulletin  of  Experimental  Biology  and 
Medicine).*  In  the  experiments  we  used  typhoid  [Salmonella  typhosa] 
agglut inogenlc  unadulterated  rabbit  serum  in  a  titer  of  1:25600,  and  the 
same  serum  adsorbed  by  heterologous  bacterial  antigens  (for  the  purpose 
of  clearing  unstable  protein  fractions  containing  no  antibodies)  the  titer 


♦Some  of  the  studies  were  conducted  at  the  Laboratory  of  Biochemistry  and 
Biophysics  of  Bacteria  (headed  by  A.B.  Gabrilovich,  Candidate  of  Medical 
Sciences) ,RoStov-na-Donu  Institute  of  Epidemiology  and  Microbiology. 
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of  which  constituted  1:6400  following  adsorption.  Each  experiment  was 
repeated  at  least  three  timea. 

The  antibody  titers  were  expressed  In  AE  [agglutinating  units] 
in  calculating  the  adsorption  activity  of  different  substances.  The  max¬ 
imum  dilution  of  serum  in  which  distinct  agglutination  was  observed  (++) 
was  considered  as  one  AE.  The  quantity  of  antibodies  adsorbed  per  100 
mg  [milligrams] of  substance  was  determined  using  the  following  equation: 

-  -  (C  -  C.)  Y  where 
m  1 

X 

m  is  the  quantity  of  antibodies  adsorbed  per  100  mg  of  substance, 

C  is  the  concentration  of  antibodies  (in  AE)  prior  to  adsorption  of  serum, 
C,  is  the  concentration  of  antibodies  (in  AE)  following  adsorption  of 

serum, 

Y  is  the  volume  of  adsorbed  serum. 

Organic  substances  that  had  no  functional  groups  and  those  whose 
molecules  Included  atoms  of  chloride  did  not  adsorb  lnmune  antibodies 
(Table  1).  Substances  that  contained  hydroxyl  groups  adsorbed  antibodies 
from  unadulterated  immune  serum  and  from  serum  submitted  to  adsorption  by 
heterolgoous  antigens.  The  substances  whose  molecules  contained  amino 
and  lmino  groups  manifested  different  adsorption  activity.  Thus,  the 
anion  exchange  resin,  AN-1,  did  not  adsorb  antibodies,  while  greenish- 
blue  phthalocyaninic  (which  also  contained  lmino  groups)  actively  ad¬ 
sorbed  antibo’les  from  lnmune  sera.  Evidently  the  adsorption  of  anti¬ 
bodies  by  agents  containing  lmino  groups  was  determined  to  a  significant 
extent  by  their  specific  arrangement  in  the  molecules.  Benzidine  ad¬ 
sorbed  agglutinins  only  from  serum  first  submitted  to  adsorbtion  by 
heterologous  antigens. 

In  order  to  Investigate  the  distinctions  of  antibody  adsorption  by 
benzidine  (a  substance  containing  amino  groups)  using  the  method  of 
paper  electrophoresis  we  made  a  study  of  unadulaterated  typhoid  agglutino- 
genlc  serum  and  typhoid  serum  adsorbed  by  heterologous  antigens.  Follow¬ 
ing  adsorption  by  heterologous  antigens  there  remained  a  small  amount  of 
albumins  and  globulins,  primarily  6-fractions  in  the  serum  (see  Figure). 
These  findings  indicated  that  benzidine  adsorbed  immune  antibodies  only 
from  senso  containing  antibodies  and  a  small  amount  of  other  protein 
fractions. 

The  significant  difference  between  magnitude  of  adsorption  of  anti¬ 
bodies  from  unadulterated  sens  and  serias  adsorbed  by  heterologous  antigens 
was  attributed  to  the  difference  In  titers  of  these  aera.  As  revealed  by 
our  studies  (Adaaov,  19S9),  the  magnitude  of  antibody  adsorption  by 

solid  agents  la  proportional  to  the  concentration  of  antibodies  in  the 

““  . . 

senai. 
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Table  1 

Adsorption  activity  of  organic  substances  with  respect  to 
typhoid  N-egglutinina 
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Legend : 

-)  the  substance  contained  no  functional  groups 
0)  the  substance  did  not  adsorb  antibodies 

a)  adsorbent 

b)  functional  group 

c)  quantity  of  AE  of  typhoid  N-aggiutinins  adsorbed  par  100  am  of 
adsorbent 

d)  unadulateratad  agglutinating  typhoid  sarin,  tlteri  25600  AE 

e)  typhoid  agglutinating  sarua  submitted  to  adsorption  by  hat*rologoua 
antigens,  tltari  6400  AE 

>  (i  u  bit; 

f)  naphthalene 

g)  anthracene 

h)  alizarin 

i)  anthragallol 
J)  indanthrene 

k)  hexachlorocyclohexane 

l)  benzidine  (basic) 

m)  ion  exchange  resin,  AN-1 

n)  greenish-blue  phthalocyaninic  pigment  (blue  G  heliogen) 


Bldl8tllled  water  and  0.85Z  sodium  chloride  solution  was  used  as 
the  dispersion  medium  to  investigate  the  stability  of  suspensions  of 
organic  agents.  The  suspension  was  prepared  by  placing  50  mg  of  pulver¬ 
ized  agent  in  a  mortar,  it  waa  then  ground,  adding  5  ml  [milliliters] 
of  bldistllled  water  drop  by  drop.  The  suspension  obtained  waa  trans¬ 
ferred  to  test  tubes,  it  was  left  to  stand  for  5  to  20  minutes  so  that 
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thi  lttgt  particles  could  settle,  and  the  supernatant  suspension  was 
then  suctioned  off.  The  obtained  suspension  contained  particles  0.5  to 
40  microns  In  size.  Similarly  suspensions  were  also  prepared  in  0.85X 
sodium  chloride  solution. 
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Elect rophoregrams  of  tyhpold  agglutlnogenlc  serum 

Legend : 

I)  adsorbed  by  heterologous  antigens  and  twice  filtered  through 
asbestos  sterilizing  plates 
II)  unadsorbed 


The  following  method  was  used  to  study  the  stability  of  suspensions 
of  organic  agents  following  adsorption  on  particles  of  immune  antibodies. 
IWo  methods  were  used  to  prepared  the  suspensions  and  achieve  adsorption 
on  antibody  particles.  Method  I  (published  In  Zhurnal  mikrobiologll .  epl- 
demlologll  1  ltasunobiolonil .  1961)  was  used  in  experiments  with  agents 
suspensions  of  which  were  stable  In  bldistilled  water.  Method  II  consisted 
of  the  following:  into  a  mortar  we  placed  2.5  ml  of  agglutlnogenlc  serun 
(1:5  dilution  with  a  solution  containing  0.85Z  sodium  chloride  and  1Z 
boric  acid)  and  50  mg  of  pulverized  agent  being  studied,  the  mixtures  were 
ground  until  fine  suspensions  were  produced  and  they  were  maintained  for 
two  hours  at  37*  after  which  we  added  4  ml  of  0.85Z  solution  of  sodium 
chloride  and  the  suspension  was  then  stored  in  a  refrigerator  at  6-8°  for 
18  hours;  after  18  hours  the  suspensions  were  slowly  centrifuged  to 
remove  large  particles,  the  supernatant  containing  fine  particles  was 
suctioned  off  and  again  centrifuged  rapidly;  it  was  then  decanted,  and 
the  precipitate  was  suspended,  depending  on  the  cloudiness  of  the 
suspensions,  in  2  to  5  ml  of  0.85Z  sodium  chloride  solution  with  a  pH  of 
7.0.  The  stability  of  the  suspensions  following  adsorption  on  antibody 
particles  as  well  as  their  sensitivity  and  specificity  under  the  Influence 
of  bacterial  antigens  were  determined  by  the  Adamov  method  (1960) . 

Suspensions  that  were  stable  in  bldistilled  water  [doubly  distilled] 
were  obtained  from  2-oxyanthraqulnone ,  1 ,2-dioxyanthraquinone ,  anthragallol 
and  lndanthrene  power  (Table  2).  Following  adsorption  of  antibodies  (from 
sera  adsorbed  by  heterologous  antigens)  by  method  I  the  alizarin,  anthra¬ 
gallol  and  lndanthrene  suspensions  remained  stable,  by  method  II  stability 
retained  oy  alizarin,  qulninezarln,  anthragallol,  lndanthrene  and 
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Table  2 

Relation  of  stability  of  suspensions  of  various  agents  to 
their  chemical  structure 
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Table  2  [continued] 


Legend : 

a)  agent  studied  g)  anthracene 

b)  structural  formula  h)  anthraqulnone 

c)  particle  stability  1)  2-oxyanthraqulnone 

d)  In  bldlstllled  water  j)  alizarin  (1 ,2-dloxyanthraqulnone) 

e)  in  0.85Z  table  salt  solution  k)  qulnizarin 

f)  stability  of  particles  In  0.85Z  1)  anthragallol 

salt  solution  following  adsorp-  m)  purpurin  [ trihydroxy anthra- 

tlon  on  them  of  inmune  anti-  quinone] 

bodies  using  method:  n)  Indanthrene  [lndanthrone? ] 

0)  Impossible  to  prepare  suspension  ly  this  method 
-)  no  agglomeration 

+  to  ++++)  varying  intensity  of  agglomeration 


greenish-blue  phthalocyanlnlc  pigment  containing  no  metal  atoms.  In 
several  anthracers  derivatlvas  we  observed  a  relation  between  suspension 
stability  and  chemical  structure  of  the  substances.  Thus ,  suspensions  of 
anthracene  and  anthraqulnone  were  unstable  in  bldlstllled  water;  intro¬ 
duction  of  a  hydroxyl  group  to  the  anthraqulnone  molecule  gave  it 
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stability  to  particles  of  this  substance  (2-oxyanthraquinone)  only  in 
bldistilled  water;  addition  of  2  hydroxyl  groups  to  the  first  and  second 
atoms  of  carbon  of  the  anthraquinone  molecule  (alizarin  substance)  made 
the  particles  of  this  substance  capable  of  producing  stable  suspensions 
in  bldistilled  water  and  in  0.85%  sodium  chloride  solution  following 
adsorption  of  antibodies  on  them.  Introduction  of  two  hydroxyl  groups 
into  the  anthraquinone  molecule,  in  the  first  and  fourth  atoms  of  carbon 
(qulnizarin  substance)  made  the  particles  stable  in  0.85%  salt  solution 
only  after  antibodies  were  adsorbed  on  them. 

Akkastyaenj  ef  tydfe*yl  grup?  ib  §§g8r^  and  thlfd  at8ii 

of  Cdtbon  in  kha  ankhraquinorta  ring  Urthragaiiol  atibfekitica)  hade  fchi 
particles  of  this  substance  stable  in  bldistilled  water  and  in  0.85% 
salt  solution.  The  anthragallol  suspension  remained  stable  even  after 
adsorption  on  its  particles  of  antibodies  by  methods  I  and  II.  Changing 
the  position  of  one  hydroxyl  group,  moving  it  from  the  third  to  the  fourth 
atom  (purpurin)  made  the  purpurin  particles  unstable  in  both  bidistil1ed 
water  and  0.85%  salt  solution. 

In  addition  to  the  above  substances,  the  following  also  retained 
stability  following  antibody  adsorption:  particles  of  thionlr^,  blue 
pthalocyaninlc  and  green  pigment. 

Following  antibody  adsorption  suspensions  of  alizarin,  anthragallol, 
indanthrene,  blue  phthalocyaninic  pigment,  greenish-blue  phthalocyaninic 
pigment  and  green  pigment  retained  stability  when  they  wore  mixed  with 
antigens  heterclgous  in  relation  to  the  antibodies  adsorbed  on  the  particles 

(Table  3).  Suspensions  of  thionine  and  qulnizarin,  when  mixed  with 

antigens  heterologous  to  antibodies  adsorbed  on  these  particles  agglomerated 
with  varying  intensity  depending  on  the  form  of  antigen.  With  antigens 

that  were  homologous  in  relation  to  the  antibodies  adsorbed  on  suspension 

particles  the  highest  immunological  activity  was  demonstrated  by  anti¬ 
bodies  adsorbed  on  alizarin  and  anthragallol.  Agglomeration  of  these 
suspensions  occurred  with  suspensions  of  Salmonella  typhosa  containing 
ten  million  or  more  cells  per  milliliter.  Suspensions  of  other  substances 
(indanthrene,  blue  phthalocyaninic  and  greenish-blue  phthalocyaninic  pig¬ 
ment,  and  green  pigment)  reacted  only  with  suspensions  of  this  pathogen 
containing  25  million  bacterial  cells  per  milliliter. 

Conclusions 

1.  Adsorption  of  antibodies  from  immune  sera  was  related  to  the 
chemical  structure  of  sorbents  and  protein  fraction  ratio  in  the  sera. 

2.  The  stability  of  suspensions  of  particles  of  anthraquinone 
derivatives  was  related  to  the  number  of  hydroxyl  grups  and  their  spatial 
arrangement. 

i.  The  antibodies  that  were  adsorbed  on  solid  substances  containing 
hydroxyl,  imine  and  amine  groups  retained  their  itmunological  activity  and 
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Tc'jle  3 

Immunological  activity  and  speclficty  of  typhoid  agglutinins 
adsorbed  on  particles  of  suspensions  of  different  substances 
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Legend : 

a)  suspqision  containing  adsorbed  typhoid  agglutinins 

b)  reaction  of  agglomeration  with  bacterial  antigens 

c)  Salmonella  tvphosa  antigens 

d)  Flexner's  bacillus  antigens  (subtype  2a) 

e)  bacterial  suspension 

f)  complete  antigen 

g)  haptene 

i)  E.  coll  suspension  (one  billion  per  milliliter) 

j)  0.851  sodium  chloride  solution 

k)  alizarin 

l)  anthragallol 

m)  quinlzarln 

n)  inda  lfhrene 

o)  thlonine 

p)  blue  phthalocyaninic  pigment 

q)  greenish-blue  phthalocyaninic  pigment  (blue  G  heliogen) 

r)  green  pigment 

NtaMrals  indicate  the  minimal  quantities  of  Salmonella  typhosa  inducing 
++  intensity  of  agglomeration. 

-)  abaenca  of  agglomeration 
+  to  ++++)  varying  intensity  of  agglomeration 

-  8  - 


V 


engaged  In  specific  reactions  with  homologous  antigens. 
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